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ROLL-OFF REDUCING AGENT 



BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a roll-off reducing agent. More 

specifically, the present invention relates to a roll-off reducing agent composition 
comprising the roll-off reducing agent, a process of reducing roll-off of a 
polished substrate by applying the roll-off reducing agent to the substrate, a 
process for producing a polished substrate by applying the roll-off reducing 
10 agent to the substrate, a polishing composition, a polishing process of a substrate 
to be polished by applying the polishing composition to the substrate, and a 
process for producing a substrate by applying the polishing composition to a 
substrate to be polished. 

€ 

15 Discussion of the Related Art 

Over the years, a demand for a technique for further increasing the 
capacity of the hard discs has become greater. As a leading means for increasing 
the capacity of the hard discs, there has been considered a means of producing a 
substrate capable of recording data even to its outer periphery by reducing roll- 

20 off (edge rounding of end side of a substrate) caused in the polishing process. 

For instance, various mechanical polishing conditions which can reduce roll-off, 
such as making a polishing pad more rigid, and making a polishing load smaller, 
have been studied. However, although a certain extent of an off-^* - ^ + 1 
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In addition, as a polishing composition capable of reducing roll-off, a 
composition comprising water, a-alumina particles and aluminum nitrate has 
been known (Japanese Patent Laid-Open No. Hei 9-286975). However, this 
composition does not have a satisfactoiy effect of reducing roll-off, and studies 
of the polishing components having an excellent effect for reducing roll-off have 
not yet been sufficiently made at present. 

On the other hand, the hard discs have been greatly developed over the 
years in the trends of miniaturization and high capacity, so that the trend of high 

densitv has; hp<=>n nrnm-pccorl tUr,+ tU „ ,„:„: i- * 

---j 1 — to . U11C11 iiminiiuiii iccoiuing area nas become 

smaller, and that the floating amount of a magnetic head has been made 
increasingly smaller. Therefore, there have been desired to increase the 
polishing rate and reduce the surface roughness, and to reduce surface defects 
such as scratches and pits in the polishing process of a hard disc substrate. In 
view of this, there have been studied on a polishing composition by using water, 
alumina, boehmite and a chelating compound (Japanese Patent Laid-Open No. 
Hei 1 1-92749, and the like); a polishing composition comprising water, 
a-alumina, and an alumina sol stabilized with acetic acid (Japanese Patent Laid- 
Open No. 2000-63805); a polishing composition for an aluminum magnetic disc, 
comprising water, an alumina abrasive powder, a polishing accelerator such as 
gluconic acid or lactic acid, and a surface-modifying agent such as a colloidal 
alumina (Japanese Patent Laid-Open No. Hei 2-84485); a polishing composition 
comprising water, an alumina abrasive, and a polishing accelerator comprising 
molybdic acid and an organic acid (Japanese Patent Laid-Open No. Hei 
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an effect of reducing roll-off, an effect of increasing the polishing rate, an effect 
of reducing the surface roughness of a polished object, and an effect of reducing 
surface defects such as scratches and pits. Therefore, a polishing composition 
having further enhanced effects is in demand. 

An object of the present invention is to provide a roll-off reducing agent 
capable of reducing roll-off of a polished substrate caused by polishing, and 
increasing a polishing rate; a roll-off reducing agent composition comprising the 

roll-off reducine 

~ ^ 7 - * ~~ w * x " vtuvi,, 5 i wii-wii ui a punsneu suostrate Dy 

using the roll-off reducing agent; and a process for producing a polished 
substrate by using the roll-off reducing agent. 

Also, another object of the present invention is to provide a polishing 
composition having an increased polishing rate, and a reduced surface roughness 
without causing a surface defect on the surface of the polished substrate, and 
being capable of reducing roll-off; a polishing process of a polished substrate by 
using the polishing composition; and a process for producing a polished substrate. 

These and other objects of the present invention will be apparent from the 
following description. 

In the present specification, the term "roll-off refers to a state so-called 
edge rounding of an end surface, in winch a part of an end surface of a substrate 
to be polished is more largely grinded as compared to that of the central part, 
thereby rounding off the end part. 
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[1] a roll-off reducing agent comprising one or more compounds selected 
from the group consisting of carboxylic acids having 2 to 20 carbon atoms 
having either OH group or groups or SH group or groups, monocarboxylic acids 
having 1 to 20 carbon atoms, and dicarboxylic acids having 2 to 3 carbon atoms, 
and salts thereof; 

[2] a roll-off reducing agent composition comprising: 

a roll-off reducing agent comprising one or more compounds selected 
from the group consisting of carboxylic acids having 2 to 20 carbon atoms 
having either OH 

- i - o — r- ~* — - fo* ^ £iuup;>, niuiiucarooxyiic acids 
having 1 to 20 carbon atoms, and dicarboxylic acids having 2 to 3 carbon atoms, 
and salts thereof; 

an abrasive; and 
water; 

[3] a polishing composition comprising: 
1 5 water; 

an abrasive; 

a roll-off reducing agent comprising one or more compounds selected 
from the group consisting of carboxylic acids having 2 to 20 carbon atoms 
having either OH group or groups or SH group or groups, monocarboxylic acids 
having 1 to 20 carbon atoms, and dicarboxylic acids having 2 to 3 carbon atoms, 
and salts thereof; and 

an intermediate alumina; 
[4] a polishing composition comprising: 
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monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 
having 2 to 3 carbon atoms, and salts thereof; 

(B) one or more compounds selected from polycarboxylic acids having 
4 or more carbon atoms and having neither OH group or groups nor SH group or 
groups, aminopolycarboxylic acids, amino acids and salts thereof; and 

(C) one or more compounds selected from an intermediate alumina and 
an alumina sol; 

an abrasive; and 
water; 

[5] a polishing composition comprising: 

(A) one or more compounds selected from carboxylic acids having 2 to 
20 carbon atoms having either OH group or groups or SH group or groups, 
monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 
having 2 to 3 carbon atoms, and salts thereof; and 

(B) one or more compounds selected from polycarboxylic acids having 
4 or more carbon atoms and having neither OH group or groups nor SH group or 
groups, aminopolycarboxylic acids, amino acids and salts thereof; 

an abrasive; and 
water; 

20 [6] a process of reducing roll-off of a polished substrate, comprising applying 

to a substrate to be polished a roll-off reducing agent comprising one or more 
compounds selected from the group consisting of carboxylic acids having 2 to 20 
carbon atoms having either OH group or groups or SH group or groups, 

monocnrhowlir nrirk- in,, i • -><-> . , , 
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[7] a process for producing a polished substrate, comprising a step of 
applying to a substrate to be polished a roll-off reducing agent comprising one or 
more compounds selected from the group consisting of carboxylic acids having 2 
to 20 carbon atoms having either OH group or groups or SH group or groups, 
5 monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 

having 2 to 3 carbon atoms, and salts thereof; 

[8] a polishing process of a substrate to be polished comprising a step of 
polishing the substrate to be polished with the polishing composition of any one 
of items [3] to [5] above; and 
10 [9] a process for producing a substrate comprising a step of polishing a 

substrate to be polished with the polishing composition of any one of items [3] to 
[5] above. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Figure 1 is a graph showing a roll-off in connection with the detection 

curve. 

DETAILED DESCRIPTION OF THE INVENTION 
1 . Roll-Off Reducing Agent 
20 The roll-off reducing agent used in the present invention is one or more 

compounds selected from the group consisting of carboxylic acids having 2 to 20 
carbon atoms having either OH group or groups or SH group or groups, 
monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 
having 2 to 3 carbon atonic nnd ^nlt^ fhtMvnf +1 *^ 
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groups, the dicarboxylic acids having 2 to 3 carbon atoms, and salts thereof are 
preferable, from the viewpoint of an effect of improving roll-off 

The carboxylic acid having 2 to 20 carbon atoms having either OH group 
or groups or SH group or groups includes oxycarboxylic acids, and compounds 
5 in which an oxygen atom of the OH group of the oxycarboxylic acid is 

substituted by a sulfur atom. It is desired that the number of carbon atoms of 
these carboxylic acids is from 2 to 20, preferably from 2 to 12, more preferably 
from 2 to 8, still more preferably from 2 to 6, from the viewpoint of the solubility 
to water. In addition, as oxycarboxylic acids, those having a hydroxy! group at 
10 a-position of a carboxyl group are preferable, from the viewpoint of reducing 
roll-off. 

It is desired that the number of carbon atoms of the monocarboxylic acid 
is from 1 to 20, preferably from 1 to 12, more preferably from 1 to 8, still more 
preferably from 1 to 6, from the viewpoint of the solubility to water. 

15 The dicarboxylic acid is those having 2 to 3 carbon atoms, namely oxalic 

acid and malonic acid, from the viewpoint of reducing roll-off. Among these 
roll-off reducing agents, the oxycarboxylic acids are preferable, from the 
viewpoint of increasing the polishing rate. In addition, the dicarboxylic acids are 
preferable, from the viewpoint of reducing roll-off. 

20 Concrete examples of the carboxylic acid having 2 to 20 carbon atoms 

having either OH group or groups or SH group or groups include glycolic acid, 
mercaptosuccinic acid, thioglycolic acid, lactic acid, P-hydroxypropionic acid, 
malic acid, tartaric acid, citric acid, isocitric acid, allocitric acid, gluconic acid, 
glvoxvlic acid. < T 1vcenc nrid nnnrloli^ -'-m^ ■ 1 1 - 
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acid, acetic acid, propionic acid, butyric acid, isobutyric acid, valeric acid, 
isovaleric acid, hexanoic acid, heptanoic acid, 2-methylhexanoic acid, octanoic 
acid, 2-ethylhexanoic acid, nonanoic acid, decanoic acid, lauric acid, and the like. 
Among them, acetic acid, oxalic acid, malonic acid, glycolic acid, lactic acid, 
5 malic acid, tartaric acid, glyoxylic acid, citric acid and gluconic acid are 
preferable; oxalic acid, malonic acid, glycolic acid, lactic acid, malic acid, 
tartaric acid, glyoxylic acid, citric acid and gluconic acid are more preferable; 
and oxalic acid, malonic acid, glycolic acid, tartaric acid and glyoxylic acid are 
especially preferable. 

10 In addition, when oxalic acid, malic acid, tartaric acid, citric acid or 

gluconic acid is used alone or in combination with other roll-off reducing agent, 
it is preferable because clogging of the abrasive grains and polishing grounds in 
the polishing pad can be reduced, so that the deterioration of the polishing 
properties such as polishing rate and surface qualities by using the polishing pad 

15 for a long period of time can be prevented. Also, a frequent pad washing would 

not be necessary, namely the distance between the pad dressings can be 
remarkably extended, so that the productivity is increased, thereby making it 
preferable also from the viewpoint of economic advantages. Among them, 
oxalic acid, tartaric acid and citric acid are preferable, and especially citric acid is 

20 preferable. Each of the monocarboxylic acid and the dicarboxylic acid used in 

the present invention is selected from carboxylic acids having neither OH group 
or groups nor SH group or groups. 

The salts of these acids (namely, carboxylic acids having 2 to 20 carbon 
atoms bavins* cither HI T <u-nnn f M-,>"^ . cm 
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atoms) are not particularly limited. Concretely, there are included salts with a 
metal, ammonium, an alkylammonium, an organic amine, and the like. Concrete 
examples of the metal include metals belonging to Group 1A, IB, 2A, 2B, 3 A, 
3B, 4 A, 6A, 7 A or 8 of the Periodic Table (long period form). Among these 
5 metals, from the viewpoint of reducing roll-off, those metals belonging to Group 

1A, 3A, 3B, 7A or 8 of the Periodic Table are preferable, and those metals 
belonging to Group 1 A, 3A or 3B of the Periodic Table are more preferable. 
Sodium and potassium belonging to Group 1 A are most preferable. 

Concrete examples of the alkylammonium include tetramethylammoniurn, 
10 tetraethylammonium, tetrabutylarnmonium, and the like. 

Concrete examples of the organic amine include dimethylamine, 
trimethylamine, alkanolamines, and the like. 

Among these salts, ammonium salts, sodium salts and potassium salts are 
especially preferable. 

15 

2. Roll-Off Reducing Agent Composition 

The roll-off reducing agent of the present invention can be used by 
formulating the agent in a polishing liquid comprising an abrasive and water. 
The polishing composition obtained above is especially referred to "roll-off 
20 reducing agent composition" in the present specification. Specifically, the roll- 

off reducing agent composition of the present invention comprises the above- 
mentioned roll-off reducing agent, an abrasive and water. 

The content of the roll-off reducing agent in the roll-off reducing agent 
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reducing agent is preferably 5% by weight or less, from the viewpoints of 
economic advantages and improving surface qualities. The content of the roll- 
off reducing agent is more preferably from 0.01 to 3% by weight, still more 
preferably from 0.01 to 2% by weight, most preferably from 0.02 to 1% by 
weight. Here, the roll-off reducing agent can be used alone or in admixture of 
two or more kinds. 

As the abrasive used in the present invention, any abrasives generally 
employed for polishing can be used. The abrasive includes, for instance, metals; 
carbides of metals or metalloid"; nitride nfm»t,i r ^ — *„ii„:j. . •, 
metals or metalloids, borides of metals or metalloids, diamond, and the like. The 
metals or metalloids include those elements belonging to the Groups 2A, 2B, 3A, 
3B, 4A, 4B, 5 A, 6A, 7A or 8 of the Periodic Table (long period form). Concrete 
examples of the abrasive include a-alumina particles, silicon carbide particles, 
diamond particles, magnesium oxide particles, zinc oxide particles, cerium oxide 
particles, zirconium oxide particles, colloidal silica particles, fumed silica 
particles, and the like. It is preferable to use these abrasives in admixture of two 
or more kinds, from the viewpoint of increasing the polishing rate. Among them, 
a-alumina particles, cerium oxide particles, zirconium oxide particles, colloidal 
silica particles, fumed silica particles, and the l.ke are more preferable, and 
20 a-alumina particles are especially preferable. 

The average primary particle size of the abrasive is preferably from 0.01 
to 3 urn, more preferably from 0.02 to 0.8 urn, especially preferably from 0.05 to 
0.5 urn, from the viewpoint of increasing the polishing rate. Further, when the 
nrim.uv t>'>r*j.-l.^ •>,.. ., , ., . j . ,• . .. , . , , . , 
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to 1.5 urn, especially preferably from 0.2 to 1.2 urn, from the viewpoint of 
increasing the polishing rate in the same manner as above, and from the 
viewpoint of reducing the surface roughness of a polished object. The average 
pnmary particle size of the abrasive is obtained by subjecting the abrasive to an 
.mage analysis by observing with a scanning electron microscope (favorably 
from 3000 to 30000 times), and determining the particle size as a number- 
average particle size. In addition, the average secondary particle size can be 
determined as volume-average particle size by using a laser diffraction method. 

The specific gravity of the abrasive is n^frrahh, n ^ * ... . 

r **v/m ^ iu u ? mure 

preferably from 2 to 5, from the viewpoints of the dispersibility, the feed ability 
to the polishing device and recovery and reuse. 

The content of the abrasive is preferably from 1 to 40% by weight, more 
preferably from 2 to 3 0 o/ o by weight, still more preferably from 3 to 15% by 
weight, of the roll-off reducing agent composition, from the viewpoints of having 
economic advantages and making the surface roughness of a polished object 
small, thereby efficiently polishing the substrate. 

Water in the roll-off reducing agent composition of the present invention 
is used as a medium, and the content of water ,s preferably from 50 to 98.99% by 
weight, more preferably 60 to 98% by weight, still more preferably from 70 to 
95% by weight, from the viewpoint of efficiently polishing the object to be 
polished. 

In addition, the roll-off reducing agent composition of the present 
invention can contain other components as occasion demands. 

As other components, there are iwliHe.l : : i .. ■ -.. 
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instance, organic acids such as polycarboxylic acids, aminopolycarboxylic acids 
and amino acids, and salts thereof, inorganic acids and salts thereof, oxid,zing 
agents, thickeners, disperses, anticorrosive agents, basic substances, surfactants, 
and the like. Concrete examples of the organic acids and salts thereof, inorganic 
acids and salts thereof, and the oxidizing agents are those listed in Japanese 
Patent Laid-Open No. Sho 62-25187, page 2, upper right column, lines 3 to 1 1; 
Japanese Patent Laid-Open No. Sho 63-25 1 163, page 2, lower left column, lines 
7 to 14; Japanese Patent Laid-Open No. He, 1-205973, page 3, upper left column, 

line 1 1 to unner rmht col] 

^ -> ^"pcmv.^ i mem i^aiu-wpen i\o. Hei 

3- 1 15383, page 2, lower right column, line 16 to page 3, upper left column, line 
1 1 ; Japanese Patent Laid-Open No. Hei 4-108887, page 2, lower left column, 
lines 1 to 9; Japanese Patent Laid-Open No. Hei 4-275387, page 2, right column, 
line 27 to page 3, left column, line 12; Japanese Patent Laid-Open No. Hei 

4- 363385, page 2, right column, lines 21 to 30, the entire contents of which are 
incorporated herein by reference, and the like. 

These other components may be used alone or in admixture of two or 
more kinds. In addition, the content of the other components is preferably from 
0.05 to 20% by weight, more preferably from 0.05 to 10% by weight, still more 
preferably from 0.05 to 5% by weight, of the roll-off reducing agent composition, 
from the viewpoint of exhibiting the respective functions and from the viewpoint 
of economic advantages. 

The concentration of each component of the above-mentioned roll-off 
reducing agent composition is a preferable concentration during polishing, and it 
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upon use in many cases. 

The roll-off reducing agent composition of the present invention can be 
prepared by adding one or more compounds selected from the group consisting 
of the carboxylic acids having 2 to 20 carbon atoms having either OH group or 
5 groups or SH group or groups, the monocarboxylic acids having 1 to 20 carbon 

atoms, and the dicarboxylic acids having 2 to 3 carbon atoms, and salts thereof, 
and various additives, as occasion demands in proper amounts to water and an 
abrasive, and mixing the components by a known process. 

It is preferable that the pH of the roll-off reducing agent composition is 

10 appropriately adjusted depending upon the kinds and the required qualities and 
the like of the substrate to be polished. For instance, the pH of the roll-off 
reducing agent composition is preferably from 2 to 12, from the viewpoints of 
the cleanability of the substrate and the anti-corrosiveness of the working 
machine, and from the viewpoint of the safety of the operator. In addition, in a 

15 case where a substrate to be polished is a substrate for precision parts which is 
mainly made of a metal such as an Ni-P plated aluminum alloy substrate, the pH 
is preferably from 2 to 9, especially preferably from 3 to 8, from the viewpoints 
of increasing the polishing rate and improving the surface qualities. When the 
roll-off reducing agent composition is used for polishing a semiconductor wafer, 

20 a semiconductor clement, or the like, especially for polishing a silicon substrate, 
a poly-silicon film, an Si0 2 film, or the like, the pH is preferably from 7 to 12, 
more preferably from 8 to 12, especially preferably from 9 to 11, from the 
viewpoints of increasing the polishing rate and improving the surface qualities. 
The pH cm h " nMmvf « ! 1^ i; •• • 
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aminopolycarboxylic acid, or an amino acid, a metal salt or an ammonium salt 
thereof, or a basic substance such as aqueous ammonia, sodium hydroxide, 
potassium hydroxide or amine in a desired amount as occasion demands. 

3 - Process of Reducing Roll-Off of Polished Snh^te bvUsin, Rnll-Off 

Reducing Agent an d P r o c ess for Producing Polished Substrate 

The material for an object to be polished as representatively exemplified 

by the substrate to be polished used in the present invention includes, for 

instance, metals or metalloids snrh nc cili^^r. oi„~,; . 

- -"*~""» "UMiuuuiii, iwcKci, tungsten, copper, 

tantalum and titanium; alloys made of these metals as main components; glassy- 
substances such as glass, glassy carbon and amorphous carbons; ceramic 
materials such as alumina, silicon d,oxide, silicon nitride, tantalum nitride and 
titanium nitride; resins such as polyimide resins; and the like. Among them, it is 
preferable that an object to be polished is made of a metal such as aluminum, 
nickel, tungsten or copper, or made of an alloy containing these metals as the 
main components; or an object to be polished is a semiconductor substrate made 
of semiconductor elements containing these metals. Especially, in a case where 
the roll-off reducing agent of the present invention is used when polishing an 
aluminum alloy substrate plated with Ni-P, it is preferable because the extent of 
20 roll-off can be made small. 

The shape for the object to be polished is not particularly limited. For 
instance, those having shapes containing planar portions such as discs, plates, 
slabs and prisms, or shapes containing curved portions such as lenses can be 
MihjsvK for p->i,\ I.,-, , ..i, ,i. , r ,, r . , 
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preferable in polishing. 

The roll-off reducing agent of the present invention can be favorably used 
in polishing the substrate for precision parts. For instance, the roll-off reducing 
agent is suitable for polishing substrates for precision parts such as substrates for 
magnetic recording media for magnetic discs, optical discs, opto-magnetic discs, 
and the like; photomask substrates, optical lenses, optical minors, optical prisms 
and semiconductor substrates. The polishing of a semiconductor substrate 
comprises the steps of polishing a silicon wafer (bare wafer), forming separation 
membrane for an emhedd 

0 imuuiiiig an nuciiayci insulating mm, 

forming an embedded metal line, and forming embedded capacitor, and the like. 
The roll-off reducing agent composition of the present invention is especially 
suitable for polishing a magnetic disc substrate. 

In the process of reducing roll-off of the polished substrate using the roll- 
off reducing agent of the present invention, the extent of roll-off of the polished 
substrate can be remarkably reduced by polishing the substrate to be polished 
listed above with a polishing liquid comprising the roll-off reducing agent of the 
present invention, or the roll-off reducing agent composition of the present 
invention per se as a polishing liquid. 

For instance, a substrate with reduced roll-off can be produced by 
clamping a substrate with polishing discs to which a polishing cloth made of 
nonwoven organic polymer fabric, is pasted; feeding a polishing liquid 
comprising the roll-off reducing agent of the present invention, or the roll-off 
reducing agent composition of the present invention to a polishing surface; and 

T7in\ ino flu n.^i 1>i'- , !• ...... ,1 , , i .. , 
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can be evaluated by determining the shape of the end surface part by using, for 
instance, a tracer or optical profilometer, and numerically expressing the extent 
of how much more the end surface is grounded as compared to the central 
portion of the disc in accordance with the profile. 
5 The method of numerically expressing roll-off is determined as follows. 

As shown in Figure 1, three points, i.e. point A, point B and point C, are taken on 
the detection curve which are given distances away from the center of the disc, 
the detection curve meaning the shape of the end surface part of the polished 
substrate). Roll-off refers to a distance (D) between point B and a base line, 

10 wherein the base line is defined as a straight line connecting point A and point C. 

The term "having good roll-off refers to a value of D more approximating 0. 
The roll-off value refers to a value obtained by dividing D by 1/2 of the amount 
of variation in the thickness of the disc before and after polishing. The roll-off 
value is preferably 0.2 nm/^iin or less, more preferably 0.15 pm/(im or less, still 

1 5 more preferably 0.10 |wm/|um or less. 

Here, the positions of point A, point B and point C may vary depending 
upon the size of the object to be determined. In general, it is preferable that point 
B is positioned at 0.5 mm away from the end of the disc on the line connecting 
the end part and the center of the disc, that the point C is positioned at 2.5 mm 

20 away from the end, and that that the point A is positioned at 4.5 mm away from 

the end. For instance, in the case of 3.5 inch disc, it is preferable that point A, 
point B and point C are respectively positioned at 43 mm, 47 mm and 45 mm 
away from the center of the disc. 
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advantages that not only the roll-off of the substrate can be remarkably reduced, 
but also that the polishing rate can be increased. Also, in a case where one or 
more kinds selected from oxalic acid, malic acid, tartaric acid, citric acid, 
gluconic acid, and salts thereof are used as the roll-off reducing agent, it is 
5 preferable because the clogging of the abrasive grains and polishing grounds in 

the polishing pad can be reduced, so that the deterioration of the polishing 
properties such as polishing rate and surface qualities by using the polishing pad 
for a long period of time can be prevented. 

In this case, among the above-mentioned compounds, oxalic acid, tartaric 

10 acid, citric acid and salts thereof are preferable, and especially citric acid and 

salts thereof are preferable. In addition, in a case where the above-mentioned 
compounds are used in combination of two or more kinds, especially preferable 
combinations are combinations of two or more kinds selected from oxalic acid, 
tartaric acid, citric acid and salts thereof; or combinations of one or more kinds 

15 selected from oxalic acid, tartaric acid, citric acid and salts thereof, with one or 

more kinds selected from malonic acid, glycolic acid, lactic acid, malic acid, 
gluconic acid and salts thereof. More preferable are combinations of citric acid 
or a salt thereof w ith one or more kinds selected from oxalic acid, glycolic acid, 
lactic acid, malic acid, tartaric acid and salts thereof. Particularly preferable 

20 combinations are citric acid or a salt thereof with glycolic acid or a salt thereof. 

The roll-off reducing agent composition of the present invention 
especially has an effect in the polishing process, and the roll-off reducing agent 
composition can be similarly applied to a process other than the polishing 

pT'< v^---. v frit' in, ■ t ■ m ^ • ■ 1 ■•, r ■■ ' 
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4. Polishing Composition 

The polishing composition of the present invention can be roughly 
classified into the following three embodiments: 
[Embodiment 1] A polishing composition comprising: 

water; 

an abrasive; 

a roll-off reducing agent comprising one or more compounds selected 
from the group consisting of carboxylic acids having 2 to 20 carbon atoms 

having either OH (rrr*l in nr n rnn ta <■ C l.J — . * . . 

.„ _ fo «^« FJ kjl on giuup ui ^iuups, monocarooxyiic acids 

having 1 to 20 carbon atoms, and dicarboxylic acids having 2 to 3 carbon atoms, 
and salts thereof; and 

an intermediate alumina. 
[Embodiment 2] A polishing composition comprising: 

(A) one or more compounds selected from carboxylic acids having 2 to 
20 carbon atoms having either OH group or groups or SH group or groups, 
monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 
having 2 to 3 carbon atoms, and salts thereof; 

(B) one or more compounds selected from polycarboxylic acids having 
4 or more carbon atoms and having neither OH group or groups nor SH group or 
groups, aminopolycarboxylic acids, amino acids and salts thereof; and 

(C) one or more compounds selected from an intermediate alumina and 
an alumina sol; 

an abrasive; and 
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(A) one or more compounds selected from carboxylic acids having 2 to 
20 carbon atoms having either OH group or groups or SH group or groups, 
monocarboxylic acids having 1 to 20 carbon atoms, and dicarboxylic acids 
having 2 to 3 carbon atoms, and salts thereof; and 
5 (B) one or more compounds selected from polycarboxylic acids having 

4 or more carbon atoms and having neither OH group or groups nor SH group or 
groups, aminopolycarboxylic acids, amino acids and salts thereof; 

an abrasive; and 

vv aiti . 

10 

Embodiment 1 

The polishing composition of Embodiment 1, as described above, 
comprises water, an abrasive, a roll-off reducing agent, and an intermediate 
alumina. 

15 As the abrasive usable in Embodiment 1, those abrasives which are 

generally used for polishing can be used. Examples of the abrasives are not 
particularly limited, as long as they are the same ones as those used in the above- 
mentioned roll-off reducing agent composition. 

The content of the abrasive is preferably from 1 to 40% by weight, more 

20 preferably from 2 to 30% by weight, still more preferably from 3 to 15% by 

weight, of the polishing composition of Embodiment 1, from the viewpoints of 
having economic advantages and making the surface roughness of a polished 
object small, thereby making it possible to efficiently polish the substrate. 
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The content of the roll-off reducing agent is preferably from 0.01 to 5% 
by weight, more preferably from 0.015 to 4% by weight, still more preferably 
from 0.03 to 2% by weight, of the polishing composition of Embodiment 1, from 
the viewpoints of reducing roll-off and having economic advantages. 

In addition, the intermediate alumina used in Embodiment 1 is a generic 
term referring to alumina particles other than a-alumina particles. Concrete 
examples thereof include y-alumina particles, 5-alumina particles, 9-alumina 
particles, n-alumina particles, K-alumina particles, and mixtures thereof. Among 

them, the following inteiTriprltfitp all 

^ illAWttJ en., piticiciuic, iroin ine viewpoints ot 

increase in the polishing rate and the effect of reducing the surface roughness of 
a polished object . The crystal forms of the intermediate alumina preferably 
include y-alumina, 5-alumina, 9-alumina, and mixtures thereof, more preferably 
y-alumina and 9-alumina. In addition, the intermediate alumina has a specific 
surface area (BET method) of preferably from 30 to 300 m 2 /g, more preferably 
from 50 to 200 m 2 /g, and an average particle size of preferably from 0.01 to 
5 urn, more preferably from 0.05 to 5 urn, still more preferably from 0. 1 to 3 urn, 
especially preferably from 0. 1 to 1.5 urn. The average particle size can be 
determined as a volume-average particle size by using a laser diffraction method 
(for instance, one commercially available form Horiba, LTD. under the hade 
name of LA-920). In addition, the content of each of the alkali metal and the 
alkaline earth metal in the intermediate alumina particles is preferably 0.1% by 
weight or less, more preferably 0.05% by weight or less, especially preferably 
0.01% by weight or less. 
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alkali metal and the alkaline earth metal is used as a raw material, since there is 
little fusion of the intermediate alumina produced and the particle strength is 
small, no surface defects are caused on a polished substrate, thereby making it 
especially effective in reducing the surface roughness of a polished object. 
5 As the raw material which can be used in the preparation of the 

intermediate alumina, there can be used, for instance, aluminum hydroxide, 
alumina sols, and the like, which can be represented by the formulas Al(OH)3, 
A1 2 0 3 »3H 2 0, AlOOH, A1 2 0 3 »H 2 0, and Al 2 0 3 *nH 2 0, wherein n is a number of 1 
to 3. The specific surface area of the raw material is prefeiabiy 10 m 2 /g or more, 

10 more preferably 30 m 2 /g or more, especially preferably 50 m 2 /g or more. In 

addition, the content of each of the alkali metal and the alkaline earth metal in 
the raw material is preferably 0. 1% by weight or less, more preferably 0.05% by 
weight or less, especially preferably 0.03% by weight or less. Further, in a case 
where an intermediate alumina is prepared by thermally dehydrating aluminum 

15 hydroxide, a forcible introduction of a dry air or nitrogen gas during baking is 

further effective in the reduction of surface defects and surface roughness of the 
polished substrate. Here, the above-mentioned thermal dehydration treatment 
can be carried out by a conventional method. 

These intermediate aluminas are adjusted to a given particle size by wet 

20 pulverization or dry pulverization by using a pulverizer such as a ball-mill, a 

beads-mill, a high-pressure homogenizer or a jet mill as occasion demands. 

Since the intermediate alumina is used together with the abrasive and the 
roll-off reducing agent mentioned above, the polishing rate is increased and 
surface deferN ^ -> r^t ^ - * ■ • * 1 
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It is desired that the content of the intermediate alumina in the polishing 
composition of Embodiment 1 is from 1 to 100 parts by weight, preferably from 
2 to 70 parts by weight, more preferably from 4 to 40 parts by weight, based on 
100 parts by weight of the abrasive, from the viewpoints of economic advantages, 
5 an accelerated effect of polishing, and an effect of reducing the surface 

roughness of the polished substrate, and from the viewpoint of obtaining 
capability of preventing surface defects such as pits. 

Water in the polishing composition of Embodiment 1 is used as a medium, 
and the content of water is preferably from 40 to 98% by weight, more 
10 preferably from 50 to 97% by weight, especially preferably from 60 to 95% by 
weight, from the viewpoint of being capable of efficiently polishing the object to 
be polished. 

Embodiment 2 

15 The polishing composition of Embodiment 2, as described above, 

comprises one or more compounds selected from Compounds (A), one or more 
compounds selected from Compounds (B), one or more compounds selected 
from Compounds (C), an abrasive, and water. 

Compounds (A) usable in Embodiment 2 are the same as the roll-off 
20 reducing agent usable in Embodiment 1 mentioned above. 

The content of Compounds (A) is preferably from 0.01 to 5% by weight, 
more preferably from 0.015 to 3% by weight, still more preferably from 0.03 to 
2% by weight, of the polishing composition of Embodiment 2, from the 
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Compounds (B) usable in Embodiment 2 have an action of increasing the 
polishing rate. Compounds (B) include polycarboxylic acids having 4 or more 
carbon atoms and having neither OH group or groups nor SH group or groups, 
aminopolycarboxylic acids, amino acids and salts thereof. 

Among the polycarboxylic acids having 4 or more carbon atoms and 
having neither OH group nor groups or SH group or groups, those having 4 to 20 
carbon atoms are preferable, more preferably 4 to 10 carbon atoms, from the 
viewpoint of increasing the polishing rate. Also, for the same viewpoint as 

above, the aminonnlvrarhAv^ /Mr- O i rl r. »,-^ f„ 1.1.. 1. . t 

- r --j .^.^ F iciti<iuiy nave a numoer ot ammo groups 

in one molecule of from 1 to 6, more preferably from 1 to 4, a number of 
carboxyl groups in one molecule of preferably from 1 to 12, more preferably 2 to 
8, and a number of carbon atoms of preferably from 1 to 30, preferably from 1 to 
20. For the same viewpoint as above, the amino acids preferably have a number 
of carbon atoms of preferably from 2 to 20, preferably from 2 to 10. Among 
them, polycarboxylic acids having 4 or more carbon atoms and having neither 
OH group or groups nor SH group or groups, aminopolycarboxylic acids, and 
salts thereof are preferable, from the viewpoint of increasing the polishing rate. 

Concrete examples thereof include succinic acid, maleic acid, fumaric 
acid, glutaric acid, citraconic acid, itaconic acid, tricarballylic acid, adipic acid, 
propane- 1,1,2,3-tctracarboxyIic acid, butane- 1,2,3,4-tetracarboxylic acid, 
diglycolic acid, mtnlotriacetic acid, ethylened.aimnctetraacetic acid (EDTA), 
diethylenehiaminepentaacetic acid (DTPA), 
hydroxyethylethylencdiaminetetraacetic acid (I I EDTA). 



tn'otlivl'Mi.M.'tr-i""'" -l- 
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Among them, succinic acid, maleic acid, fumaric acid, glutaric acid, 
citraconic acid, itaconic acid, tricarballylic acid, adipic acid, diglycolic acid, 
nitrilotriacetic acid, ethylenediaminetetraacetic acid and 

diethylenetriaminepentaacetic acid are preferable, and succinic acid, maleic acid, 
5 fumaric acid, citraconic acid, itaconic acid, tricarballylic acid, diglycolic acid, 

ethylenediaminetetraacetic acid and diethylenetriaminepentaacetic acid are more 
preferable. 

In addition, the salts of these acids, i.e. salts of polycarboxylic acids 
having 4 or more carbon atoms and having neither OH group or groups nor SH 

10 group or groups, salts of aminopolycarboxylic acids and salts of amino acids, are 
not particularly limited. Concretely, there are included salts with a metal, 
ammonium, an alkylammonium, an organic amine, and the like. Concrete 
examples of the metal include metals belonging to Group 1A, IB, 2A, 2B, 3A, 
3B, 4A, 6A, 7A or 8 of the Periodic Table (long period form). Among these 

15 metals, from the viewpoint of increasing the polishing rate, the metals belonging 

to Group 1 A, 3 A, 3B, 7A or 8 of the Periodic Table are preferable, and the 
metals belonging to Group 1 A, 3 A, 3B or 8 of the Periodic Table are more 
preferable. Sodium and potassium belonging to Group 1 A, cerium belonging to 
Group 3 A, aluminum belonging to Group 3B and iron belonging to Group 8 are 

20 most preferable. 

Concrete examples of the alkylammonium include tetramethylammonium. 
tetraethylammonium, tetrabutylammonium, and the like. 

Concrete examples of the organic amine include dimcthylamine. 
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aluminum salts are especially preferable. 

These compounds of Compounds (B) can be used alone or in admixture of 
two or more kinds. 

A total content of Compounds (B) is preferably from 0.01 to 10% by 
5 weight, more preferably from 0.02 to 7% by weight, still more preferably from 

0.03 to 5% by weight, of the polishing composition of Embodiment 2, from the 
viewpoint of the effect of accelerating polishing, the viewpoint of economic 
advantages, and the viewpoint of improvement in the surface qualities. 

Also, in Embodiment 2, more preferable combinations of Compounds (A) 

10 with Compounds (B) are combinations of one or more compounds selected from 
Compounds (A), acetic acid, oxalic acid, malonic acid, glycolic acid, lactic acid, 
malic acid, glyoxylic acid, tartaric acid, citric acid, gluconic acid, and salts 
thereof, with one or more compounds selected from Compounds (B), succinic 
acid, maleic acid, fumaric acid, glutaric acid, citraconic acid, itaconic acid, adipic 

15 acid, tricarballylic acid, diglycolic acid, nitrilotriacetic acid, 

ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid and salts 
thereof, from the viewpoints of increasing the polishing rate and reducing roll-off. 
Still more preferable are combinations of one or more compounds selected from 
Compounds (A), oxalic acid, malonic acid, glycolic acid, lactic acid, malic acid, 

20 glyoxylic acid, tartaric acid, citric acid, gluconic acid, and salts thereof, with one 

or more compounds selected from Compounds (B). succinic acid, maleic acid, 
fumaric acid, citraconic acid, itaconic acid, tricarballylic acid, diglycolic acid, 
ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid and salts 
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malonic acid, and salts thereof, with one or more compounds selected from 
Compounds (B), succinic acid, maleic acid, itaconic acid, fumaric acid, 
ethylenediaminetetraacetic acid, diethylenetriaminepentaacetic acid and salts 
thereof In addition, in a case where one or more compounds selected from 
5 oxalic acid, malic acid, tartaric acid, citric acid, gluconic acid and salts thereof 

are used as Compounds (A ), it is preferable, because clogging of the abrasive 
grains and polishing grounds in the polishing pad can be reduced, so that the 
deterioration of the polishing properties such as polishing rate and surface 
qualities by using the polishing pad for a long period of time can be prevented. 

10 In this case, among Compounds (A), oxalic acid, tartaric acid, citric acid, 

and salts thereof are preferable, and citric acid and salts thereof are especially 
preferable. In addition, in a case where two or more kinds of Compounds (A) 
are used in combination, especially preferable combinations are combinations of 
two or more kinds selected from oxalic acid, tartaric acid, citric acid and salts 

15 thereof; or combinations of one or more kinds selected from oxalic acid, tartaric 
acid, citric acid and salts thereof with one or more kinds selected from malonic 
acid, glycolic acid, lactic acid, malic acid, gluconic acid and salts thereof. More 
preferable combinations are combinations of citric acid or a salt thereof with one 
or more kinds selected from oxalic acid, glycolic acid, lactic acid, malic acid. 

20 tartaric acid and salts thereof Especially preferable combinations are 

combinations of citric acid or a salt thereof with glycolic acid or a salt thereof 

Compounds (C) used in Embodiment 2 comprise an intermediate alumina 
and alumina sol. The intermediate alumina is a generic term referring to alumina 
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In addition, the alumina sol refers to those which can be represented by 
the formulas AlOOH, A100H*nH 2 0, wherein n is a number of 1 to 3, for 
instance, A1 2 C>3»H 2 0 and the like. The crystal forms of the alumina sol include 
boehmite, pseudo-boehmite and amorphous. The alumina sol can be prepared by 
5 subjecting aluminum hydroxide, for instance, gibbsite, to a hydrothermal 

treatment at 250°C or so, or hydrolyzing an aluminum alcoholate. The alumina 
sol has an average particle size of preferably from 0.01 to 5 jam, more preferably 
from 0.05 to 5 ^m, still more preferably from 0. 1 to 3 jam, especially preferably 
from 0. 1 to 1.5 j^ni. The average particle size can be determined as a volume- 

10 average particle size by using a laser diffraction method. The alumina sol has a 

specific surface area (BET method) of preferably from 30 to 300 m 2 /g, more 
preferably from 50 to 200 m 2 /g. 

Since the intermediate alumina and the alumina sol in Compounds (C) are 
used together with Compounds (A) and Compounds (B), the effects that the 

15 polishing rate is increased and surface defects such as pits are prevented, and the 

reduction in the surface roughness of the polished object can be further 
accelerated. In this case, the intermediate alumina and the alumina sol in 
Compounds (C) can be used alone or in admixture. Especially, the intermediate 
alumina is more preferable, from the viewpoints of an increase in the polishing 

20 rate, an extent of the effect of preventing surface defects and the like, and an 

effect of reducing the surface roughness of a polished object. 

A total content of Compounds (C) in the polishing composition of 
Embodiment 2 is preferably from 1 to 100 parts by weight, more preferably from 
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advantages, the effect of accelerating polishing, the effect of reducing the surface 
roughness of a polished object, and from the viewpoint of obtaining the 
capability of preventing surface defects such as pits. 

As the abrasive usable in Embodiment 2, those abrasives which are 
5 generally used for polishing can be used. The abrasives may be the same ones as 

those used in the above-mentioned roll-off reducing agent composition. 

The content of the abrasive is preferably from 1 to 40% by weight, more 
preferably from 2 to 30% by weight, still more preferably from 3 to 15% by 
weight of the polishing composition of Embodiment 2, from the viewpoints of 
10 having economic advantages and making the surface roughness of a polished 
object small, thereby making it possible to efficiently polish the object to be 
polished. 

Water in the polishing composition of Embodiment 2 is used as a medium, 
and the content of water is preferably from 40 to 98% by weight, more 
15 preferably 50 to 97% by weight, especially preferably from 60 to 95% by weight, 

from the viewpoint of being capable of efficiently polishing the object to be 
polished. 

Embodiment 3 

20 The polishing composition of Embodiment 3. as described above, 

comprises one or more compounds selected from Compounds (A), one or more 
compounds selected from Compounds (B), an abrasive, and water. 

Compounds (A) usable in Embodiment 3 have an action of improving 
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The content of Compounds (A) is preferably from 0.01 to 5% by weight, 
more preferably from 0.015 to 3% by weight, still more preferably from 0.03 to 
2% by weight, of the polishing composition of Embodiment 3, from the 
viewpoints of improving roll-off and having economic advantages. 
5 Compounds (B ) usable in Embodiment 3 have an action of increasing the 

polishing rate, and the same ones as those Compounds (B) which are used in 
Embodiment 2 mentioned above can be used. 

The content of Compounds (B) is preferably from 0.01 to 10% by weight, 
more preferably from 0.02 to 7% by weight, still mure preferably from 0.03 to 
10 5% by weight, of the polishing composition of Embodiment 3, from the 

viewpoint of the effect of accelerating polishing, the viewpoint of economic 
advantages, and the viewpoint of improvement in the surface qualities. 

As to the combinations of Compounds (A) and Compounds (B), the same 
ones as those combinations which are mentioned in Embodiment 2 can be used. 
15 As the abrasive usable in Embodiment 3, those abrasives which are 

generally used for polishing can be used. Examples of the abrasives may be the 
same ones as those used in the above-mentioned roll-off reducing agent 
composition. 

The content of the abrasive is preferably from 1 to 40% by weight, more 
20 preferably from 2 to 30% bv weight, still more preferably from 3 to 15% by 

weight, of the polishing composition of Embodiment 3, from the viewpoints of 
having economic advantages and making the surface roughness of a polished 
object small, thereby making it possible to efficiently polish the substrate. 
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preferably from 50 to 97% by weight, especially preferably from 60 to 95% by 
weight, from the viewpoint of being capable of efficiently polishing the object to 
be polished. 

The polishing composition of the present invention, as representatively 
5 exemplified by Embodiments 1 to 3 described above, can contain other 

components as occasion demands. As other components, there are included 
organic acids and salts other than the above-mentioned roll-off reducing agent. 
The other components include, for instance, organic acids such as polycarboxylic 
acids, aminopolycarboxylic acids and amino acids, and salts thereof, inorganic 

10 acids and salts thereof oxidizing agents, thickeners, dispersants, anticorrosive 

agents, basic substances, surfactants, and the like. Concrete examples of the 
organic acids and salts thereof, inorganic acids and salts thereof, and the 
oxidizing agents may be the same ones used in the above-mentioned roll-off 
reducing agent composition. 

15 These other components may be used alone or in admixture of two or 

more kinds. In addition, the content of the other components is preferably from 
0.05 to 20% by weight, more preferably from 0.05 to 10% by weight, still more 
preferably from 0.05 to 5% by weight, of the polishing composition, from the 
viewpoint of increasing the polishing rate, from the viewpoint of exhibiting the 

20 respective functions and f rom the viewpoint of economic advantages. 

The concentration of each component of the above-mentioned polishing 
composition is a preferable concentration during polishing, and it may be a 

concentration during the preparation of the composition. The composition is 

, , , , .j 1 i 
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The process for preparing the polishing composition of the present 
invention includes the following: 

The polishing composition of Embodiment 1 can be prepared by adding 
together in proper amounts an abrasive, a roll-off reducing agent, an intermediate 
alumina, and water, and various additives, as occasion demands, each of which is 
exemplified above, and mixing the components by a known process. 

Also, the polishing composition of Embodiment 2 can be prepared by 
adding together in proper amounts Compounds (A), Compounds (B), 

Comnnnnrlc (C\ an _ ._ .1 , . 

r v _ /9 „ w uuu,.iv S wrtici, aim various additives as occasion demands, 

each of which is exemplified above, and mixing the components by a known 
process. 

In addition, the polishing composition of Embodiment 3 can be prepared 
by adding together in proper amounts Compounds (A .), Compounds (B), an 
abrasive, water, and various additives as occasion demands, each of which is 
exemplified above, and mixing the components by a known process. 

It is preferable that the pH of the polishing composition of the present 
invention is appropriately adjusted depending upon the kinds and the required 
qualities and the like of the object to be polished. For instance, the pH of the 
polishing composition is preferably from 2 to 12. from the viewpoints of the 
cleanability of the substrate and anti-corrosiveness of the working machine, and 
from the viewpoint of the safety of the operator. In addition, m a case where an 
object to be polished is a substrate for precision parts which is mainly made of a 
metal such as an Ni-P plated aluminum alloy substrate, the pli is more preferably 
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composition is used for polishing a semiconductor wafer, a semiconductor 
element, or the like, especially polishing a silicon substrate, a poly-silicon film, 
an Si0 2 film, or the like, the pH is preferably from 7 to 12, more preferably from 
8 to 12, especially preferably from 9 to 11, from the viewpoints of increasing the 
5 polishing rate and improving the surface qualities. The pH can be adjusted by 

adding properly an inorganic acid such as nitric acid or sulfuric acid, an organic 
acid, or a basic substance such as aqueous ammonia, sodium hydroxide, 
potassium hydroxide in a desired amount as occasion demands. 

10 5. Polishing Process of Substrate to Be Polished bv Using Polishing 
Composition 

The polishing process of a substrate to be polished of the present 
invention comprises polishing a substrate to be polished by using the polishing 
composition of the present invention, or preparing a polishing liquid by mixing 
15 each component so as to give the composition of the polishing composition of 

the present invention. Especially, the substrate for precision parts can be suitably 
produced. 

The material for the object to be polished as representatively exemplified 
by the substrate to be polished used in the present invention may be the same 
20 ones as those to which the above-mentioned roll-off reducing agent composition 

is used. Especially, in a case where the polishing composition of the present 
invention is used when polishing an aluminum alloy substrate plated with Ni-P, 
it is preferable because the roll-off can be reduced, the polishing rate can be 
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The shape for the object to be polished is not particularly limited, and may 
be the same ones as those for the above-mentioned roll-off reducing agent 
composition. 

The polishing composition of the present invention can be favorably used 
5 in polishing the substrate for precision parts. For instance, the polishing 

composition is suitable for polishing substrates for magnetic recording media for 
magnetic discs, optical discs, opto-magnetic discs, and the like; photomask 
substrates, optical lenses, optical mirrors, optical prisms and semiconductor 
substrates The polishing of the semiconductor substrates comprises the steps of 
10 polishing a silicon wafer (bare wafer), forming separation membrane for an 
embedding element, flattening an interlayer insulating film, forming an 
embedded metal line, and forming embedded capacitor, and the like. The 
polishing composition of the present invention is especially suitable for polishing 
a magnetic disc substrate. Among the magnetic disc substrates, aluminum 
15 magnetic disc substrates plated with Ni-P can be especially suitably used. 

6. Process for Producing Polished Substrate by Using Polishing Composition 

In addition, a process for producing a polished substrate by using the 
polishing composition of the present invention includes, for instance, a process 
20 comprising clamping a substrate to be polished with polishing discs to which a 

polishing cloth made of nonwoven organic polymer fabric, is pasted; feeding a 
polishing composition of the present invention to a polishing surface; and 
moving the polishing discs or the substrate, with applying a given pressure, 
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substrate in the present invention can be evaluated in the same manner as 
described above. 

As described above, by using the polishing composition of the present 
invention, a high-quality substrate with reduced surface roughness and reduced 

5 roll-off as well as increased polishing rate can be produced with high production 
efficiency without generating surface defects on the polished substrate. In 
addition, when a polishing composition comprising one or more compounds 
selected from oxalic acid, malic acid, tartaric acid, citric acid, gluconic acid and 
salts thereof is used, it is preferable because clogging of the abrasive grains and 

10 polishing grounds in the polishing pad can be reduced, so that the deterioration 
of the polishing properties such as polishing rate and surface qualities by using 
the polishing pad for a long period of time can be prevented. 

In this case, among the above-mentioned compounds, oxalic acid, tartaric 
acid, citric acid and salts thereof are preferable, and especially citric acid and 

15 salts thereof are preferable. When these compounds are used in combination of 
two or more kinds, especially preferable combinations are combinations of two 
or more kinds selected from oxalic acid, tartaric acid, citric acid and salts 
thereof; or combinations of one or more kinds selected from oxalic acid, tartaric 
acid, citric acid and salts thereof with one or more kinds selected from malonic 

20 acid, glycolic acid, lactic acid, malic acid, gluconic acid and salts thereof. More 

preferable are combinations of citric acid or a salt thereof with one or more kinds 
selected from oxalic acid, glycolic acid, lactic acid, malic acid, tartaric acid and 
salts thereof Especially preferable combinations are combinations of citric acid 
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effect in the polishing process, and the polishing composition can be similarly 
applied to a process other than the polishing process, for instance, a lapping 
process, and the like. 

5 EXAMPLES 

Examples 1-1 to I- 10 and Comparative Examples 1-1 to 1-5 

There were mixed together 7 parts by weight of an abrasive [a-alumina 
(purity: about 99.9%) having primary average particle size: 0.23 ^im, and 
secondary average particle size: 0.5 jim], a given amount of a roll-off reducing 

10 agent used in Examples or a compound used in Comparative Examples as listed 
in Table 1, and balance ion-exchanged water, with stirring. Here, the pH of each 
composition in Examples I- 1 to I- 10 and Comparative Examples 1-2 to 1-4 was 
adjusted to 4 with an aqueous ammonia, and the pH of each composition in 
Comparative Examples 1-1 and 1-5 was adjusted to 4 with nitric acid, to give 

15 100 parts by weight of each roll-off reducing agent composition of Examples 1-1 

to I- 10 and Comparative Examples 1-1 to 1-5. 

Using each of the resulting roll-off reducing agent compositions, a 
substrate surface made of an Ni-P plated aluminum alloy, the substrate surface 
having an average deviation, of all points from plane fit to test part surface Ra of 

20 0.2 |im, as determined by Talystep commercially available from Rank Taylor- 

Hobson Limited (size of tip end of profilometer: 25 jam x 25 [im, by-pass filter: 
80 |im, measurement length: 0.64 mm), a thickness of 0.8 mm and a diameter of 
95 mm was polished with a double-sided processing machine under Set 
Conditions T for n.viM , c; J . I n, :.. y < • • 
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media. 

Set Conditions I for Double-Sided Processing Machine are as follows. 

5 Set Conditions I for Double-Sided ProcessinR Machine 

Double-sided processing machine: double-sided processing machine, Model 9B, 
manufactured by SPEEDFAM CO., LTD. 
Processing pressure: 9.8 kPa 

x uiiaiiiii^ 1 au. r wl i icA ju'vj-n (niaiiuiaciurea oy Koaei iNirta iviv). 
10 Disc rotational speed: 50 r/min 

Feeding flow rate for a polishing composition: lOOml/min 
Polishing time period: 5 minutes 
Number of substrate introduced: 10 

15 After polishing, the value of roll-off generated in the polished substrate 

was determined by the method described below, and expressed as a relative 
value on the basis of the value of Comparative Example 1-2. Also, the thickness 
of an Ni-P plated aluminum alloy substrate of Examples was determined by 
using a thickness tester (a laser thickness tester, commercially available from 

10 Mitsutoyo Corporation, Model LGH-1 10/LHC-l IN). A rate of decrease in the 
thickness was obtained from the changes in the thickness of the aluminum alloy 
substrate before and after polishing, and expressed as a relative value (relative 
polishing rate) on the basis of the polishing rate of Comparative Example 1-1. 
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Method for Determination of Roll-Off 
Determination device: Mitsutoyo form tracer SV-C624 
Tip end radius of profilometer: 2 um (Code No. 178-381) 
Pressure at profilometer: 0.7 mN or less 
5 Speed: 0.2 mm/s 

Analyzing software: SV-600 Fine Profile Analysis System, Version 1.01 
Filter: LPF (Gaussian) 0.800 mm 

Using the device as specified above, the shape of the end part of the disc 
0 at 42.5 mm to 47.5 mm away from the center of the disc was determined, and D 
was obtained by using an analyzing software in accordance with the above 
determination method by taking points A, B and C at 43 mm away from the 
center of the disc, at 47 mm away from the center, and at 45 mm away from the 
center, respectively. The value obtained by dividing D by 1/2 the amount of 
1 5 change of thickness of the disc before and after polishing is defined as the roll- 
off value. 
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Table 1 


• 




Ex. No. 


Added Compound 


Amount 
(Parts by 
Weight) 


Roll-Off 
(Relative 

"* 7 1 \ 

Value) 


Polishing 
Rate 

(Relative 
Valued 


1-1 


Lactic Acid 


0.81 


0.54 


1.6 


1-2 


Glycolic Acid 


0.69 


0.23 


1.4 


1-3 


Tartaric Acid 


0.68 


0.24 


1.3 


1-4 


Citric Acid 


0.58 


0.41 


1.5 


1-5 


Malic Acid 


0.61 


0.43 


1.3 


1-6 


Glyoxylic Acid 


0.83 


034 


1.3 


1-7 


Oxalic Acid 


0.29 


0.14 


1.1 


1-8 


Malonic Acid 


0.47 


0.15 


1.1 


1-9 


Acetic Acid 


0.54 


0.61 


1.2 


1-10 


Glycolic Acid 
Citric Acid 


0.69 
0.10 


0.21 


1.4 


Comp. Ex. No. 
I- 1 None 

1-2 Aluminum Nitrate 


0.60 


Undetermin- 
able a i 

1.0 #2 


1.0 

— 


1-3 


Succinic Acid 


0.53 


0.83 




1-4 


Aluminum ammonium 

Ethylenediamine- 

tetraacetate 


0.83 


1.54 


— 


1-5 


Glycine 


0.68 


0.93 





# 1 : Ski jump was caused, so that the roll-off was undeterminable. 



#2: The roll-off value was 0.31 |im/|wm. 
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It is clear from the results in Table 1 that all of the roll-off reducing agent 
compositions obtained in Examples I- 1 to I- 10 have remarkably reduced roll-off, 
as compared to the roll-off reducing agent composition obtained in Comparative 
Examples 1-1 to 1-5. Also, it is also found that the roll-off reducing agent 
compositions of Examples 1-1 to I- 10 each of which comprises the roll-off 
reducing agent of the present invention have increased polishing rates, as 
compared with that of Comparative Example 1-1. 

Further, the roll-off reducing agent composition prepared in each of 
Example 1-4, Example I- 10 and Comparative Example 1-3 was subjected to 
polishing evaluation mentioned above for 20 repeated times, and a ratio of a 

5 twentieth relative polishing rate to the first relative polishing rate was determined 
as a measure for an ability of preventing pad clogging. As a result, the ratio of a 
twentieth relative polishing rate to the first relative polishing rate in the roll-off 
reducing agent composition of Example 1-4 was 0.97, the ratio in the roll-off 
reducing agent composition of Example 1-10 was 0.95, and the ratio in the 

10 composition of Comparative Example 1-3 was 0.62. 

It is clear from the evaluation results of ability of preventing pad clogging 
for Examples 1-4 and I- 10 and Comparative Example 1-3 that Examples 1-4 and 
I- 10 exhibit little deterioration in the polishing rate as compared to that in 
Comparative Example 1-3, thereby exhibiting an excellent ability for preventing 

1 5 pad clogging. 
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height) was charged with 100 g of pseudo-boehmite particles having an average 
particle size of 25 ^im, a specific surface area of 250 m 2 /g, an alkali metal 
content of 0.003% by weight, and an alkaline earth metal content of 0.01% by 
weight. The pseudo-boehmite particles were heated in a muffle furnace at a 
5 heating rate of 50°C/minute, and baked at a baking temperature of 930°C for 

4 hours with nitrogen gas stream at a flow rate of 5 L/minute, to give an 
intermediate alumina. The intermediate alumina was transferred to a 2-L 
alumina ball-mill, and ion-exchanged water was added thereto to prepare a 30% 
by weight slurry. Thereafter, alumina balls of 3 mm in diameters were 

10 introduced into the ball-mill to disrupt the slurry, to prepare intermediate alumina 
particles. The prepared intermediate alumina particles were found to have the 
crystal form of y-alumina by analysis of X-ray diffraction peaks, and had an 
average particle size of 0.3 |im, a specific surface area of 150 m 2 /g, an alkali 
metal content of 0.005% by weight, and an alkaline earth metal content of 0.01% 

15 by weight. 

Examples II- 1 to II-6 and Comparative Examples II- 1 to II-5 

There were mixed together an abrasive [a-alumina (purity: about 99.9%) 
having primary average particle size: 0.25 jam, and secondary average particle 
20 size: 0.8 um], a roll-off reducing agent, an intermediate alumina (y-alumina) 

obtained in Preparation Examples II- 1, and balance ion-exchanged water, to give 
a composition as shown in Table 2 with stirring. Here, the pH of each 
composition in Examples II- 1 to II-5 and Comparative Examples 11-2, II-3 and 
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nitric acid, to give 100 parts by weight of each polishing composition of 
Examples II- 1 to II-6 and Comparative Examples II- 1 to II-5. 



Table 2 



Example a-Alumina Roll-Off Amount 
No. (Parts by Reducing (Parts by 
Weight) Agent Weight) 



Intermediate Amount 
Alumina or (Parts by 
Alumina Sol 1 } Weight) 



II- 1 



II-2 



II-3 



II-4 



II-5 



II-6 



Glycolic Acid 0. 15 
Malic Acid 

Tartaric Acid 0.15 

Malonic Acid 0.15 

Citric Acid 0.15 

Glycolic Acid 0.15 

Citric Acid 0.05 



Intermediate 
Alumina 

0.15 Intermediate 
AJumina 

Intermediate 
Alumina 

Intermediate 
Alumina 

Intermediate 
Alumina 

Intermediate 
Alumina 



Comparative Example No. 



II- 1 
II-2 

II-3 
II-4 
II-5 



7 None 

7 Diammonium 0.15 
Ethylenediamine- 
tetraacetate 

7 Succinic Acid 0.15 

7 Gluconic Acid 0.15 

7 Glycolic Acid 0. 15 



None 

Intermediate 
Alumina 



Alumina Sol 1 
Alumina Sol 1 
Alumina Sol 1 



1): Commercially available from Nissan Chemical Industries, Ltd, under the 
trade name of Alumina Sol-200 
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Using each of the resulting polishing compositions, a substrate surface 
made of an Ni-P plated aluminum alloy, the substrate surface having an average 
deviation, of all points from plane fit to test part surface Ra of 0.2 ^im, as 
determined by the following method, a thickness of 0.8 mm and a diameter of 
95 mm was polished with a double-sided processing machine under Set 
Conditions II for Double-Sided Processing Machine given below, to give a 
polished Ni-P plated, aluminum alloy substrate usable for magnetic recording 
media. 

Set Conditions II for Double-Sided Processing Machine are as follows. 
Set Conditions II for Double-Sided Processing Machine 

Double-sided processing machine: double-sided processing machine, Model 9B, 
manufactured by SPEEDFAM CO., LTD. 
Processing pressure: 9.8 kPa 

Polishing Pad: "POLYTEX DG-H" (manufactured by Rodel Nitta K.K.). 
Disc rotational speed: 55 r/min 

Feeding flow rate for a polishing composition: 100 mL/min 
Polishing time period; 4 minutes 
Number of substrate introduced: 10 

After polishing, the thickness of an Ni-P plated aluminum alloy substrate 
of Examples was determined by using a thickness tester (a laser thickness tester, 
commercially available from Mi+ ut r , . — * * 1 

■ ■ ■ < ■ ■ l . , i . . , . .well > in U ( ,. 




43 



thickness of the aluminum alloy substrate before and after polishing, and 
expressed as a relative value (relative polishing rate) on the basis of the polishing 
rate of Comparative Example II- 1. 

In addition, the surface roughness (average deviation, of all points from 

5 plane fit to test part surface Ra) and pits (surface defects) of each substrate after 
polishing were determined in accordance with the following methods, and roll- 
off was determined in the same manner as above. Here, the average deviation, of 
all points from plane fit to test part surface Ra was obtained as a relative value 
(relative roughness) on the basis of the surface roughness of Comparative 

10 Example II- 1. In addition, the roll-off was obtained as a relative value (relative 
roll-off) on the basis of the roll-off value of Comparative Example II-2. The 
results are shown in Table 3. 



[Average deviation, of all points from plane fit to test part surface Ra] 
1 5 Determined under the following conditions by using Talystep 

commercially available from Rank Taylor-Hobson Limited 
Size of tip end of profilometer: 25 um x 25 um 
By-pass filter: 80 um 
Measurement length: 0.64 mm 

20 

[Surface defects (pits)] 

The surface of each substrate was observed with an optical microscope 
(differential interference microscope) at a magnification of 200 times at an 
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S: 
A: 
B: 
C: 



0 

1 to 3 
4 to 10 
10 or more 



Table 3 



Example 
No. 


Polishing 
Rate 
(-) 


Surface 
Roughness 
(-) 


Surface 

Detects 
(Pits) 


Roll-Off 

(-) 


II- 1 


1.6 


0.68 


s 


0.21 


II-2 


1.7 


0.65 


s 


0.23 


II-3 


1.6 


0.70 


s 


0.24 


II-4 


1.4 


0.65 


s 


0.25 


II-5 


1.7 


0.72 


s 


0.25 


II-6 


1.6 


0.70 


s 


0.20 


Comparative Example Nn 
II- 1 1 j 


c 


Undeter- 


II-2 


1.6 


0.70 


s 


minable* 1 
T 2 


II-3 


1.5 


1.2 


A 


0.83 


II-4 


1.4 


1.1 


A 


0.40 


II-5 


1.1 


1.1 


A 


0.25 



* I : Ski jump was caused, so that the roll-off was undeterminable. 
*2: The roll-off value was 0.36 um/um. 



It is clear from the results in Table 3 that all of the polishing compositions 
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compared with the polishing compositions obtained in Comparative Examples 
II- 1 to II-5, the polishing compositions obtained in Examples II- 1 to II-6 have 
reduced surface roughness, no surface defects, and markedly reduced roll-off in 
the polished substrate. 

Further, the polishing composition prepared in each of Example II-5, 
Example II-6 and Comparative Example II-3 was subjected to polishing 
evaluation mentioned above for 20 repeated times, and a ratio of a twentieth 
relative polishing rate to the first relative polishing rate was determined as a 
measure for an ability of preventing pad clogging. As a result, the ratio of a 
twentieth relative polishing rate to the first relative polishing rate in the polishing 
composition of Example II-5 was 0.91, the ratio in the polishing composition of 
Example II-6 was 0.90, and the ratio in the polishing composition of 
Comparative Example II-3 was 0.50. 

It is clear from the evaluation results of ability of preventing pad clogging 
for the polishing compositions of Examples II-5 and II-6 exhibit excellent ability 
for preventing pad clogging, as compared with that of Comparative Example II-3. 

Preparation Example III- 1 for Intermediate Alumina 
20 An alumina vessel (200 mm in length x 100 mm in width x 100 mm in 

height) was charged with 100 g of pseudo-boehmite particles having an average 
particle size of 15 um, a specific surface area of 240 m 2 /g, an alkali metal 
content of 0.002% by weight, and an alkaline earth metal content of 0.01% by 
weight. The pseudo-boohmifr pnrti -1 <• -> - ■ '•■ ■> ' 
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4 hours with nitrogen gas stream at a flow rate of 5 L/minute, to give an 
intermediate alumina. The intermediate alumina was transferred to a 2-L 
alumina ball-mill, and ion-exchanged water was added thereto to prepare a 30% 
by weight slurry. Thereafter, alumina balls of 3 mm in diameters were 
5 introduced into the ball-mill to disrupt the slurry, to prepare intermediate alumina 

particles. The prepared intermediate alumina particles were found to have the 
crystal form of y-alumina by analysis of X-ray diffraction peaks, and had an 
average particle size of 0.3 jam, a specific surface area of 120 m 2 /g, an alkali 
metal content of 0.003% by weight, and an alkaline earth metal content of 0.01% 
10 by weight. 

Examples III- 1 to IH-8 and Comparative Examples III- 1 to HI-5 

There were mixed together an abrasive [a-alumina (purity: about 99.9%) 
having primary average particle size: 0.25 [im, and secondary average particle 

15 size: 0.65 jim], Compounds (A), Compounds (B), Compounds (C) [an 

intermediate alumina (y-alumina) obtained in Preparation Examples III- 1 or an 
alumina sol (boehmite)], and balance ion-exchanged water, to give a composition 
as shown in Table 4 with stirring. Here, the pH of each composition in 
Examples III- 1 to III-8 and Comparative Examples III- 1 to III-5 was adjusted to 

20 4.0 or 7.0 with nitric acid or an aqueous ammonia, to give 100 parts by weight of 

each polishing composition of Examples III- 1 to III-8 and Comparative 
Examples III- 1 to III-5. 
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20 



Using each of the resulting polishing compositions, a substrate surface 
made of an Ni-P plated aluminum alloy, the substrate surface having an average 
deviation, of all points from plane fit to test part surface Ra of 0.2 urn, as 
determined by the method described above, a thickness of 0.8 mm and a 
diameter of 95 mm was polished with a double-sided processing machine under 
Set Conditions II for Double-Sided Processing Machine given above, to give a 
polished Ni-P plated, aluminum alloy substrate usable for magnetic recording 



media. 



tcr polishing, the thickness of the aluminum alloy substrate of 
Examples was determined by using a thickness tester (a laser thickness tester, 
commercially available from Mitsutoyo Corporation, Model LGH-1 10/LHC- 
1 IN). A rate of decrease in the thickness was obtained from the changes in the 
thickness of an Ni-P plated aluminum alloy substrate before and after polishing, 
and expressed as a relative value (relative polishing rate) of Comparative 
15 Example III- 1. 

In addition, the surface roughness (average deviation, of all points from 
plane fit to test part surface Ra), pits, and roll-off of each substrate after 
polishing were determined in the same manner in accordance with the methods 
described above. Here, the average deviation, of all points from plane fit to test 
part surface Ra was obtained as a relative value (relative roughness) on the basis 
of the surface roughness of Comparative Example III- 1 . In addition, the roll-off 
was obtained as a relative value (relative roll-off) on the basis of the roll-off 
value of Comparative Example III-2. The results are shown in Table 5. 
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Table 5 



Ex. No. Evaluation of Properties 





Polishing 
Rate 

(-) 


Surface 
Roughness 
(-) 


Surface 
ueiecis 
(Pits) 


Roll-Off 

(-) 


III-l 


2.3 


0.70 


S 


0.26 


III-2 


2.5 


0.75 


S 


0.28 


III-3 


2.3 


0.67 


S 


0.30 


III-4 


2.4 


0.71 


S 


0.31 


III-5 


2.3 


0.68 


S 


0.31 


III-6 


1.8 


0.95 


A 


0.31 


III-7 


2.0 


0.83 


S 


0.42 


III-8 


2.4 


0.74 


S 


0.25 



Comp. Ex. No. 



III-l 


1.0 


1.0 


C 


Undeter- 










minable* 


III-2 


2.2 


0.76 


S 


1.0 


III-3 


1.8 


1.80 


B 


0.29 


III-4 


1.4 


0.65 


S 


0.28 


III-5 


1.7 


0.92 


A 


1.05 



*: Undeterminable due to generation of ski jump. 



It is clear from the results in Table 5 that all of the polishing compositions 
obtained in Examples III-l to III-8 are excellent, simultaneously satisfying all of 
effects of increasing polishing rates, effects of reducing surface defects such as 
pits, effects of reducing surface roughness and effects of reducing roll-off, as 
compared with those of the polishing compositions obtained in Pommr-iti^ 
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Further, the polishing composition prepared in each of Example III-5, 
Example III-8 and Comparative Example III-2 was subjected to polishing 
evaluation mentioned above for 20 repeated times, and a ratio of a twentieth 
5 relative polishing rate to the first relative polishing rate was determined as a 
measure for an ability of preventing pad clogging. As a result, the ratio of a 
twentieth relative polishing rate to the first relative polishing rate in the polishing 
composition of Example III-5 was 0.91, the ratio in the polishing composition of 
Example III-8 was 0.90, and the ratio in the polishing composition of 
10 Comparative Example III-2 was 0.48. 

It is clear from the evaluation results of ability of preventing pad clogging 
for the polishing compositions of Examples III-5 and III-8 exhibit excellent 
ability for preventing pad clogging, as compared with that of Comparative 
Example III-2. 

15 

Examples IV- 1 to IV-7 and Comparative Examples IV- 1 to IV-3 

There were mixed together an abrasive [a-alumina (purity: about 99.9%) 
having primary average particle size: 0.23 |um, and secondary average particle 
size: 0.6 urn], Compounds (A), Compounds (B), and ion-exchanged water, and 
20 other components as occasion demands, to give a composition as shown in Table 

6 with stirring. Here, the pH of each composition in Examples IV- 1 to IV-7 and 
Comparative Examples IV-2 to IV-3 was adjusted with nitric acid, and the pH of 
the composition in Comparative Example IV- 1 was adjusted with an aqueous 



51 



Using each of the resulting polishing compositions, a substrate surface 
made of an Ni-P plated aluminum alloy, the substrate surface having an average 
deviation, of all points from plane fit to test part surface Ra of 0.2 jum, as 
determined by the method described above, a thickness of 0.8 mm and a 
5 diameter of 95 mm was polished with a double-sided processing machine under 
Set Conditions II for Double-Sided Processing Machine given above, to give a 
polished Ni-P plated, aluminum alloy substrate usable for magnetic recording 
media. 

After polishing, the thickness of the aluminum alioy substrate of 
10 Examples was determined by using a thickness tester (a laser thickness tester, 

commercially available from Mitsutoyo Corporation, Model LGH-110/LHC- 
1 IN). A rate of decrease in the thickness was obtained from the changes in the 
thickness of an Ni-P plated aluminum alloy substrate before and after polishing, 
and expressed as a relative value (relative polishing rate) of Comparative 
15 Example IV- 1. 

In addition, the surface roughness (average deviation, of all points from 
plane fit to test part surface Ra) and roll-off of each substrate after polishing 
were determined in the same manner in accordance with the methods described 
above. Here, the roll-off was obtained as a relative value (relative roll-off) on 
20 the basis of the roll-off value of Comparative Example IV-2. The results are 

shown in Table 6. 
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It is clear from the results in Table 6 that all of the polishing compositions 
obtained in Examples IV- 1 to IV- 7 have high polishing rates, and markedly 
reduced roll-off in the polished substrate, as compared with the polishing 
compositions obtained in Comparative Examples IV- 1 to IV-3. 

5 

Further, the polishing composition prepared in each of Example IV-5, 
Example IV-7 and Comparative Example IV-3 was subjected to polishing 
evaluation mentioned above for 20 repeated times, and a ratio of a twentieth 
relative polishing rate to the first relative polishing rate was determined as a 

10 measure for an ability of preventing pad clogging. As a result, the ratio of a 

twentieth relative polishing rate to the first relative polishing rate in the polishing 
composition of Example IV-5 was 0.95, the ratio in the polishing composition of 
Example IV-7 was 0.92, and the ratio in the polishing composition of 
Comparative Example IV-3 was 0.55. 

15 It is clear from the evaluation results of ability of preventing pad clogging 

for the polishing compositions of Examples IV-5 and IV-7 exhibit excellent 
ability for preventing pad clogging, as compared with that of Comparative 
Example IV-3. 

20 By polishing a substrate for precision parts or the like with the roll-off 

reducing agent of the present invention, there can be exhibited excellent effects 
that the roll-off of the polished substrate can be remarkably reduced, and that the 
polishing rate can be increased. 
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effects that the roll-off and the surface roughness of the polished substrate are 
remarkably reduced. 

EQUIVALENTS 

5 The present invention being thus described, it will be obvious that the 

same may be varied in many ways. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention, and all such modifications 
as would be obvious to one skilled in the art are intended to be included within 
the scone of the following claims. 



